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Introduction
Infection with herpes simplex viruses (HSV) is very common worldwide. In European countries, the estimated prevalence of HSV-1, determined by means of antibody measurements, varies between 60% and 90% in the general population, whereas the prevalence of HSV-2 ranges from 8% in pregnant women to 50% in homosexual men. 1 Transmission of HSV-2 is more eYcient from men to women than vice versa. 2 3 Usually, HSV-1 infection occurs in childhood, causing mainly oro-labial lesions, but it can occur with sexual transmission, causing genital herpes. 4 5 HSV-2 infection, the major cause of genital herpes, is almost always sexually transmitted. After primary infection, both types remain latently present in the body and lead to the production of lifelong antibodies. A previous HSV-1 infection appears to provide a degree of protection against primary genital HSV-2 infection and its severity. 2 3 The presence of genital herpes increases the risk for transmission of HIV. 6 7 Only a minority of HSV-2 infected people develop clinical symptoms of HSV-2 infection and asymptomatic HSV-2 shedding is more common in people co-infected with HIV than in HIV uninfected people. [8] [9] [10] [11] These findings indicate that a large proportion of HSV-2 infected individuals are unaware of their HSV-2 infection and are at risk of transmitting the agent. Risk factors for HSV-1 and HSV-2 prevalence in HIV infected people have not yet been studied. Therefore, the objectives of our study were to determine the prevalence and risk factors of HSV-1 and HSV-2 in a cohort of European women with HIV infection of known duration. Furthermore, we assessed the relation between HIV disease progression and the recurrence of genital ulcerations in HSV-2 infected women.
Methods

STUDY POPULATION
The European Study on the Natural History of HIV Infection in Women involves a prospective cohort of HIV infected women with a known interval of HIV seroconversion, as detailed elsewhere. 12 Since 1993, 487 women from 31 centres in 12 European countries have been included. Follow up visits are scheduled every 6 months. At each visit, a standardised questionnaire is used to record various sociodemographic and sexual characteristics and a clinical examination, including a gynaecological examination, is performed. During each visit immunological (for example, CD4 count) and virological (for example, HIV-RNA levels) markers are determined. In 276 of the 487 women (57%), extra blood samples were taken at the first visit and during follow up and stored in the central repository of the European women's study. Of these blood samples, we used the first available sample drawn in each case for the determination of HSV antibodies. The stored sample had been obtained at study entry in 138 women (50%); it was taken within 10 months of study entry in an additional 69 women (25%). Samples were obtained for all women within 4 years after study entry. DiVerences in risk factors (mentioned below) for the presence of HSV antibodies between women with and without a blood sample were tested and it appeared that these groups only diVered for geographic region, place of recruitment, mode of HIV transmission, and age at first vaginal intercourse.
LABORATORY METHODS
The first available blood sample for each woman was tested for specific antibodies against HSV-1 and HSV-2. Analysis of HSV antibodies was performed with a commercial enzyme immunoassay (EIA, Gull Laboratories, Germany). 13 An extinction ratio (compared with a control) above 1.5 was defined as seropositive, less than 0.8 as seronegative, and between 0.8 and 1.5 as intermediate. Samples with extinction ratios in the intermediate zone for either HSV-1 (n=34) or HSV-2 (n=38) were retested with a rapid immunoblot assay (RIBA, Chiron Corporation, CA, USA) used according to the manufacturer's instructions. 14 Both tests were evaluated by our research group and were found to be suitable for epidemiological studies. 15 Of the 34 intermediate HSV-1 samples, 25 were positive and nine were negative for HSV-1 antibodies with immuno blot. Of the 38 samples intermediate for HSV-2, 35 were reactive, and three turned out to be non-reactive to specific HSV-2 antigens.
RISK FACTORS
Various sociodemographic and sexual characteristics as well as methodological risk factors were assessed by means of the questionnaire and were evaluated as risk factors for the prevalence of HSV-1 and HSV-2 antibodies. Sociodemographic risk factors included mode of HIV transmission (heterosexual intercourse, injecting drug use, other), geographic region, age at sampling, continent of birth (Europe v non-Europe), marital status, and age at end of education. Geographic region (that is, region where the women live) was divided into three categories: south (Greece, Italy, Portugal, Spain), central (Belgium, France, Netherlands, Switzerland), and north (Denmark, Finland, Norway, Sweden). Sexual behaviour at the time the blood sample was measured in terms of history of STD, history of prostitution, the number of past sexual partners (that is, a person with whom they had sexual intercourse), the number of years of sexual activity, and age at first vaginal intercourse. The following methodological risk factors were examined: lag time between seroconversion and study entry, setting of the centre, year of the first HIV positive test, and year when the blood sample was drawn. All risk factors were categorised based on the median, tertiles, or quartiles, except the number of past sexual partners, which had been categorised in the questionnaire. Time dependent categorised risk factors related to HIV disease progression were evaluated as risk factors of recurrence of genital ulcerations. These risk factors were CD4 counts and HIV-RNA levels. To ensure the right direction of cause and eVect, CD4 counts and HIV-RNA levels were used from the visit preceding assessment of genital ulcerations.
STATISTICAL ANALYSES
When the prevalence of an outcome is high, odds ratios can be misleading if they are interpreted as relative risks. [16] [17] [18] Because the prevalence of HSV-1 and HSV-2 was high in the present study, prevalence rate ratios instead of odds ratios were used to describe the association between HSV infection and its risk factors. The analyses were done with the GENMOD procedure in SAS, using a log binomial regression model in which the log transformed prevalence is a linear function of the risk factors. 19 Risk factors significantly associated (p<0.05) with the prevalence of HSV antibodies were selected for the multivariable analyses, using a forward procedure. In multivariable analyses, we tested interactions between risk factors in the final model and confounding.
The eVect of HIV-RNA levels (available for 194 of 276 women) and CD4 count on the recurrence of genital ulcers in HSV-2 positive women was measured using a logistic regression model for repeated measurements. This generalised estimating equation method (GEE) corrects for correlation between measurements within the same individual. We applied a correlation structure that assumes an equal correlation between all measurements of one woman. 20 
Results
Among 276 HIV infected women, the prevalence of HSV-1 antibodies was 76% (95% CI (95% CI): 71.1-81.1), and the prevalence of HSV-2 antibodies was 42% (95% CI: 36.2-47.9) (table 1). The prevalence of the presence of both HSV-1 and HSV-2 antibodies was 30% (95% CI: 24.3-35.1). At the time of sampling, only 25% of the HSV-2 infected women and 13% of the HSV-1 infected women reported a history of genital herpes. Furthermore, 62% of the women who reported a history of genital herpes were HSV-2 positive, and 11% of the all HSV-2 positive women received antiviral HSV treatment at least once.
The prevalence and prevalence rate ratios of HSV-1 infection by geographic region are presented in table 2. Of all subjects living in southern Europe 86% were infected with 3 . In univariable analysis, the prevalence of HSV-2 antibodies was associated with the mode of HIV transmission, geographic region, age, and sexual behaviour. The presence of antibodies for HSV-1 decreased the likelihood of HSV-2 infection, although not significantly (prevalence rate ratio (PR): 0.76, 95% CI: 0.57-1.03). Women with a history of STD or prostitution had a higher risk of HSV-2 infection than women without such histories. In univariable analysis, the prevalence of HSV-2 antibodies increased significantly with increases in number of sexual partners and number of years of sexual activity. After adjustment for sexual behaviour, the eVects of mode of HIV transmission, geographic region and age were no longer significant. In multivariable analysis, only the number of years of sexual activity and a history of prostitution remained independently and significantly associated with HSV-2 infection. Women with a history of prostitution had a 1.8-fold higher risk of HSV-2 infection than women without a history of prostitution. In addition, women who were sexually active for 20 years or more had an almost twofold higher risk of HSV-2 infection than women who were sexually active for less than 10 years. We found neither statistically significant confounding factors nor an interaction between history of prostitution and the number of years of sexual activity.
Overall, the number of recurrent genital ulcerations was low in HSV-2 positive women, even in immunosuppressed women (table 4) . However, the recurrence of genital ulcerations was significantly higher in HSV-2 infected women with CD4 counts below 200 cells ×10 6 /l than in women with CD4 counts higher than 200 cells ×10 6 /l. In the 194 women with available HIV-RNA measurements, recurrent HSV infections increased with increasing number of HIV-RNA copies, although not significantly. These results did not change after adjustment for co-infection with HSV-1. 
Discussion
To our knowledge, this is the first study to describe risk factors for HSV-1 and HSV-2 antibodies in HIV infected women. The prevalence of HSV-1 and HSV-2 antibodies in the HIV infected women included in the present study was 76% and 42%, respectively. The only independently associated risk factor of HSV-1 antibodies was geographic region. Our finding that the prevalence of HSV-1 antibodies is higher in southern Europe than in central and northern Europe is consistent with those of studies among various populations in several European countries, ranging from 60% among STD clinic attendees in Sweden up to 88% among women counselled in prenatal clinics in Italy. 1 Geographic variation in the prevalence of HSV-1 antibodies might be explained by variation in socioeconomic factors during childhood, which we did not measure, such as family size and intimate family contact. Moreover, the presence HSV-1 antibodies was not related to sexual behaviour in this group of European HIV infected women. This lack of association is in contrast with the link found in recent studies between sexual behaviour and the presence of HSV-1 antibodies and with the suggestion that HSV-1 is of increasing importance as a cause of genital herpes. 4 5 21 Women in our cohort were probably infected early in life and already had antibodies for HSV-1 by the time they became sexually active. Our results suggested that HSV-1 infection reduces the risk for HSV-2 infection, as was described by others. 2 3 22 The prevalence of HSV-2 antibodies was strongly related to sexual behaviour. Women with a history of prostitution were at higher risk for HSV-2 infection than women without such a history. Furthermore, the prevalence increased with increasing number of sexually active years. Thus, in HIV infected women, the presence of HSV-2 antibodies may be used as a surrogate marker for sexual behaviour. These findings are consistent with those of studies among attendees of STD clinics 23 24 and with population based surveys. [25] [26] [27] Worldwide, there is some geographic variation in the prevalence of HSV-2-for example, a higher prevalence in the United States and Africa. 1 25 28 29 However, we found no evidence for geographical variation within Western Europe.
Evidence was found for a relation between the recurrent genital ulcerations and markers of HIV disease progression. A decreasing CD4 count was associated with an increase in the recurrence of genital ulcerations in HSV-2 positive women. Recurrent genital ulcerations were more common in women with increased HIV-RNA levels, but the eVect was not statistically significant. The recurrence of ulcerations increased with more advanced stages of HIV disease, as was found in a study among HIV infected prostitutes in Amsterdam. 6 On the other hand, only a small proportion of HSV-2 infected women reported a history of genital herpes at the moment the blood sample used for HSV determination was obtained. This indicates that HSV-2 infection was present without symptoms in most of the HIV infected women included in this study. Since asymptomatic HSV shedding is (more) common in HIV positive than in HIV negative individuals, HIV infected women are at risk of transmitting HSV to their partners and neonates. [30] [31] [32] Thus, their partners should use condoms to protect against transmission of HIV as well as of HSV. In HIV infected women of reproductive age, attention should be given to the possibility of vertical HSV transmission as well as HIV transmission.
Some limitations of this study should be noted. Firstly, a stored blood sample was available for only 276 of the 487 women included in the European women's study. Since women without a stored blood sample lived more often in northern Europe, it is likely that the prevalence of HSV-1 infection among all women included in the European women's study is lower. Risk factors of HSV-2 infection did not diVer between women with and without a blood sample. Therefore, we assume that the results on HSV-2 prevalence in women with a stored blood sample are representative for the total group of women included in the European women's study. Secondly, the sensitivity of the EIA test we used was 95% for HSV-1 antibodies and varied between 98% and 99.7% for HSV-2 antibodies compared with western blots. 13 33 In HIV infected people, the test could yield a false negative for some cases, which may have led to an underestimation of the true prevalence. However, we retested sera with an intermediate extinction ratio with RIBA, which increased the sensitivity for both infections.
In conclusion, the prevalence of HSV-1 and HSV-2 antibodies is high in this group of HIV infected women. The use of condoms by their partners could prevent transmission of both HIV and HSV. Attention to the possibility of vertical HSV transmission is necessary along with measures to prevent vertical HIV transmission. The prevalence of HSV-1 antibodies diVers by geographic region, being more common in women living in southern Europe than in women living in northern and central Europe. HSV-2 infection is strongly related, whereas HSV-1 infection appears unrelated to sexual behaviour in HIV infected women. We found evidence for a relation between the recurrence of genital ulcerations and markers for HIV disease progression in HIV infected women who are also HSV-2 positive.
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